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ABSTRACT 
The Wf.laon equation, the Wllaon m,odl.fled 4 - 1 equation, and 
the Wi 11 i:1rnn 7. - series .·r.re nppl icd to the activity dntn from five 
b 1 no r y me t n 1 1 i c B o 1 u t i on H n r 1 d c c~n pared 1 n t: e rn1 s o f t he ex c P ;; !1 p n r t. in 1 
molar Gibbs free energy. The procedure involved the selection of 
that Bet of parameters for each equation which minimized tl1e calculated 
stnndnrd error bet'-lcen the experimental excess partial molar free 
energies and the excess partial molar free energies calculated by 
each respective representation. Five systems were chosen on the basis 
of the type of deviation from ideality, and each expression was 
evaluated on the bas is of the·· standard error, to determine which equa-
tion yielded the best fit for each set of activity data. The results 
showed the Williams &-series was superior to the other expressions. 
As an extension of this investigation, the Z-series was 
similarly applied to ten Fe-base binary systems exhibiting various 
deviations from ideality. The results of this study showed that no 
correlation existed between the A, Band C coefficients generated by 
the Z-series and the physical properties of the various systems. 
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l"tffllOOUCT I<* 
A• thermodynamic data cont tnue to accumulate, the need for 
reprenenr nr i ·:•· t·,:prP·i~i inn·; for thcnc dntn hccoo,e more importnnt. 
The datn fher:i~it~lve!i :1rr vitnl to the dr•tt:rrnination of solute and 
aolvent intcractiona and the equilihrfun1 conditi.ons in rnany slag-
metal renct ionn auch ns the iro11- and s tee !-making processes. An 
express fc,n \..~hich could nccurntely nnd concisely describe these data 
a c r o s s a n en t ire c 0111 p o s i. t i on r a n g e w 01..1 1 d t her e f or e be ex tr e rne l y 
valuable in predicting thermodynamic behavior. 
Any analytical representation which is to be applied to the 
thermodynnrnics of binary metallic solutions must be accurate, 
concise, and adaptable for efficient use on the computer. As data 
continue to be collected on metallic solutions, it is becoming 
increasingly necessary to represent the thermodynamics of these data 
in the most efficient means. Previously, graphical techniques have 
been used to represent these data, however, it is argued that the 
computer is vastly more efficient while maintaining a higher degree 
· of precision. 
A good computer analysis of binary metallic solution data will 
facilitate the calculation of one component's properties from the 
other, allow interpolation over the whole canposition range between 
experimental points, and provide machine extrapolations at infinite 
dilution for the various components. It would be desirable also to 
\. .. . 
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devolop an «xproeaton frcn vhtch tho ternary pro,,arf ten coulct ho 
developed aololy frm binary dntn. nnd in pnrticulnr. multiple solute 
behnvt,,r tr, n co1mo·n !lolvent nolution. An odd1t1o·nal benefit might 
be r h"' p r c d 1 c r 1 n n n f n f n :-1 1 1 v n~ err1 he r ' n h ch n v 1 nr i. n n Be r t cs o f h 1 na r lea 
with n c<~rcnon cc1'tlponent. Atr1-l~t ly from n knO".lcdge of its phys icnl 
properties. 
This study, then, deals specifically with a comparison of 
1 the Wilson equation , a al ightly 
three r)f the proposed representations, 
mod i f i e d f or m o f t h i 9 for 1na 1 i s rn c n 1 1 e d t he "L. - l " e q u a t ion , and t he 
2 series representation proposed by Williams in terms of the excess 
partial molar Gibbs free energy. A further extension of this ~ork on 
the Williams Z-series deals with the prediction of a family member's 
behavior fran a series of binary Fe-X solutions • 
. ' 
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i' ' •. 
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THI PROPOSED REPR.l?SEN'TATIVH t:<PU,.SS ICM 
J The Wlleon equation •• pre1ented bJ Ory• and Prau•nlt1 ta 
rfS 
• 
-RT i 
N 
t 
• 1 
X 1 
N 
tn [ t 
j • 1 C 11 
.XS where X represents the atom fraction of the canponent, c;· 1a the 
excess molar Gibbs free energy of the solution, and Aij is 11 positive 
adjustable parameter (), 11 • AJJ • 1). The excess partial molar 
Gibbs free energy of a component may be expressed aa: 
XS 
-
- XS G • 2 
~21 
[2A] 
[2B] 
Application of the Wilson equation to binary metallic solutions 
disclosed several deficiencies. It was found that the Wilson equa-
tion cannot adequately describe systems which exhibit negative devia-
tions from Raoult's law or systems where one component exhibits posi-
tive and·negative deviations fr~ ideality over the complete composi-
tion range. In addition, the Wilson equation does not satisfy the 
- 2 limiting quadratic formalism proposed by Williams • Because of these 
I 
' . ' 
,,, 
\ l ' . 
. ' . 
deftclonctes the 0 4 - 1° modlf tent ton of tho Wt 1nm, t,qu11t 1011 ""' 
devaluped tn an attempt to maintain 0t1ly t\Jo :1djur1tahle p11rtan•1tcra ln 
• c or, c t n c e q u n t i on • Th 1 ti mod f f 1 ca t l on , he r c II f t er ca 11 ed the W 111 on 
4 - 1 cqun t ion. mn y be exprcu s c·d for a binary aya tam aa 
Gxs + X j (X j J - 1 )Y 
RT • •Xl tn (Xi + >.ij Xj) - XJ tn (Xj + ).Jl Xi) 24 
X (X 3 - 1) Z i i 
--------24 [3J 
where: 
The term r}<S represents the excess molar Gibbs free energy of the 
solution ij, Xis the mole fraction of a component, and Aij and Aji 
are again positive adjustable parameters. The excess partial molar 
Gibbs free energies can be represented as: 
z 
- -
·24 [4A] 
J ' 
' ', ' I' 
. , ~ 
- ' . 
' I .. j ,-, 
' ./ ... - ,· 
I ._ ,' j,,· 
, . 
. ·' 
,.' 
• !,, ' ,,": t ·: , •.• , I 
,. 
I 
,· ' ' , '.'··:::. "· 
. '\ . ' 
~- . 
.. ,,I . - ' 
/J- . ,:·'· I 
• C • • 
' . . I , 
. '. : : 
; 
I 
.... ,. 
.. 
~ . . 
• 6. 
• RT tn v2 
+ :L. 24 (•JX24 + 4X23·l) + z X 4 8 I (48] 
Both of t h'.ese equn t ions are, of crurae, thermodynamlca l ly con, ts tent. 
It ahould be noted thnt Equntlon 3 snti.!-lficd the lfrnitinH qt111dratic 
3 '3 f ortna 1 ism , i . e • , d W / <l X 2 ·- a O a t X 2 • 0 n n d 1 • 
2 The series representation developed by Williama may be pre-
sented as: 
W • AZ 1 •••• (5] 
where W may represent any thermodynamic quantity which is a function 
of composition such as the excess molar free energy, cf8 , or the 
XS 
excess entropy, ~S , or the heat of mixing, 6H. 
The terms A, B, C, D, ••• are a set of constants, and the 
first three Z terms are defined as follows: 
z1 = 4X - 4X 
2 
2 2 
·z.· 2 - lOX 
2 
+ lOX 4 -2 2 
Z • 4X - 18X 2 + 70X 4 -3· 2 2 2 
4X S 
2 
84X S + 28X 6 
.2 . 2· 
The series is similar to a Fourier series with 
requirement that dZ0 /dX2 • +4 if x2 • 0 or 1 where z - n 
,, 
,.. :~ . 
. . 
.-
-
/. '!} 
. 
. ' 
L6AJ 
(6B] 
[6C] 
the arbitrary 
. 
is the n'th 
'.; . " .. 
j I,' . 
~------------------------------
.. 
• 7 • 
•80, - I 08, • , • Tho pArtlal molnr qunntitto1 nra doftnod by: 
[7A] 
[78] 
where x2 ia the mole fraction of CO'.Dponent 2. 
In terms of Equn.tior1 5 the partial molar quantities become: 
- • AZ l + BZ l + CZ l + 1 2 3 ••• [8A] 
-
• AZ 2 + BZ 2 + CZ 2 + 1 2 3 ••• [88] 
-
and the Z terms are a result of the operation of Equations 7 on 
Equation 5. The coefficients for the first three terms of the inte-
gral and partial series are given in Table I. It should be noted 
that the Williams Z-series satisfies the limiting quadratic forma-
lism as a whole as well as term by term. 
. \ 
' ' 
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NIT tf 00 OF IHVF'_.5 TI C:A TI <Jf 
To compare the three propoeed repre1enta t ton.a, the i,.rame ter1 
for ench n y~; t c·:11 ·,..·pr ,. evn l ua r- ed hy ccc11pu tcr tcchn {,quen to de tcnn 1ne 
the minimum standard error fran the ex per imcnta l dn tn in tern1s of 
the excess partial molor Gibbs free energy. According to the data 
av n i. I n h 1 e f or £1 g iv en s y s t em , 1 • e . , w he the r for one c om pone n t or for 
both, different fornis of each equation were chosen approprlatcly. 
For the Wilson and the Wilson 4 - 1 equations, the n1inirrn1m 
standard error waa calculated by a trial and error method, similar 
4 to that used by Findley. The standard error may be represented as: 
Standard Error a 
N 
E 
m 1 
(G XS 
i 
expl. 
[9] 
-
~s 2 rr1 ) / (n - m) 
calc. 
where n is the number of data points and m represents the number of 
parameters. The calculated values of this standard error for each pair 
of constants were compared to determine the minimum standard error 
value by inspection and the investigation proceeded around this minimum 
standard error value to further increase the accuracy of the p~rameters, 
. 
~ij and Aji' for each equationo 
To evaluate the constants for the Williams Z-series, values 
·. of each Z member were calculated at the experimental data points, and 
'.··~ 
' ' ' 
- ' . ' ~ .. 
... 
~ . 
>00' 
... 
• 9 -
tht1 information v111 Cod into II rnult.tplt'! 11ncnr regrnntton Annly1t1, 
I t b r II r y • v h l c h y t ~ 1 de d t he op t tm um c on n t II n t fl v 1 t h t he m in in,um ff t n nda rd 
er r or • Th r• 111 i n i r~ .. u r:i ~1 t n n d H r- d P r r n r n g c n c r n t e d by enc h c x pre n s 1 o·n 
c OU 1 d t h c n b e c c Y.n p n r c d t o P v :i 1 t r: 1 t c· e d c h r e : ; p , · c t i v e r e p r c :; t • r 1 t ;i t i on • 
Aa an extension of thi.s i.nvestigntion, datu frc)1'n Fc-bnac 
bl nary met a 111 c s o 1 u t 1 on s a t I 60 0 ° C were fed 1 n to a im 11 a r can pu t er 
pr o gr : uns t o e v a l u n t: e t h c p n r n rn e t er s o f t he W i 11 in ms Z - s er i e a • S ever a 1 
modifications had to be per f orn1ed on the progratns to B ol ve s on1e of 
the systems. To use ion current ratio data, the constants were 
calculated with the aid of the following relationship: 
[10] 
+ + where r2 /11 represents the ion current ratio, x2/x1 represents the 
ratio of mole fractions, v2 /v1 is the ratio of activity coefficients, 
and C' is an arbitrary constant. By selecting successive values of 
C ', the minimwn standard error between the calculated Williams z-series 
expression and the experimental RT tn (y2/y1) expression was determined. 
For non-me·tallic alloying elements such as carbon and oxygen, 
the tolerance of the multiple linear ~egression analysis had to be 
reduced to zero. It should be noted that these tolerance values may 
I 
be found in columns 40-45 of the subproblem card within the BMD02R. 
Using these modifications, the parameters for all the systems could 
be evaluated. 
.... - .. . _,. 
;• 
-
• 10 • 
L ITFJtA TI.flt t! tlA TA 
Five 1yet-. voro ••loctod for tnvo1ttaatlon on th,e b11t1 of 
{' 
F J . \ h e - Cu • f n r f n r l n r ;:. (~ p 1 , ~; i r i -. · , · d r v 1 .: 1 t i on n f c u , ~h-: ... H i , for the lnrge 
. 
negative dcvint inn of !·'.p:, Fc·-?,i 1 • for tht, rt l i~:ht t1(·:v.:1t ivc devi:i r ion 
8 
of both c ornr1<mcn ts 11 ,\g-S i • for the pos 1 t 1 vc-ncgn t 1 vc dcvin t ion of 
9 
Ag, and Cd-~;n·, for the sliRht positive devintion of Cd. Isothennal 
activity d:1t:1 \,/ere avnllnhle over the entire cc1tnpc1sitic)n range for 
all of these systetna. ~rtic actual literature dntn for these systems 
appear in Tables II through VI. 
Ten Fe-base binary metallic systems at 1600°C in addition to 
the Fe-Ni and Fe-Cu sys tern previously analyzed were chosen for inves-
tigation. The Fe-SilO,ll, Fe-Ni 12 • 17 , Fe-Pt 13 , Fe-cr 14 • 15 •19 , Fe-Mn 16, 
Fe-co17, Fe-Al 18 , Fe-020 , Fe-c21 •23 •24 , Fe-N22 , and Fe-s 25 systems 
were selected. As seen fran this listing a number of these systems 
were examined by more than one experimenter, and several of these 
were chosen as a check. It was hoped that some correlation could be 
found between the physical properties of these systems and the para-
meters generated by the Williams Z-series. The literature activity 
data for these systems appear in Tables VII - XXIVa 
·~ \' 
/ 't' ... , ..... 
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PR£S£h1TATIClf AND f> ISCUSS IOO 01',. RFrSlJLTS 
Cou@rlaon of tho Three Analytical Expreaatona 
The rcsultn of the c~pnrison study among the Wll1on equation, 
the 4 - 1 cqun ti 11n, nnd r tH· \.,' i 11 f :tnts Z-scr lcR are RhOWTI in Tnblcs XXV and 
XX VI w 1 th t h c u n de r 1 in e d c c~n pone n t <) f ea ch s y s t c rn ha v i. n g he en an n l y zed • 
The values for the )\ 12 and A21 constants, the respective values of 
the standard error, and the rntio of the standard error divided by 
the n1 en n v a 1 u e o f t he exp c r 1-rn c n ta 1 ex c es a part i a 1 mo 1 a r Gibb a free 
energy, hereafter cal led S ER}1, are shown for both the Wilson equation 
and the 4 - 1 equation in Table XXV. For direct comparison the values 
of the standard error and the SERM for all the Z-series up to six 
terms are also included. The standard errors of the three term z-
series should be c001pared with the standard errors for the other two 
equations to evaluate the performance of each expression. The coef-
ficients for these three term Z-series appear in Table XXVI, and their 
respective plots appear in Figure 1 - 7 along with the best fits of 
the Wilson equation and the 4 - 1 equation. Each set of equation para-
meters (A 12 , A21 , A, B, C) shown in Tables XXV and XXVI was used to 
generate a representative plot of the data shown in its respective 
figure. The Wilson equation appears in each figure as the sequence 
of ¢ 's, the 4 - 1 equation as the sequence of • 's, and the three 
, 
term Z-series as the sequence of D's. The• symbols represent the 
experimental va·lues of the excess partial molar Gibbs free energy 
for each system. 
• 
. ' ' 
't··· • . ' . 
·. 
\ 
' ,' 
.·,:. 
........... 
• 12 • 
It 1hould b·o noted that tho thr•• tona Wlllto• Z•1erte1 va, 
the tJ1rce t crm Z-ncr i.cs dclClf, however, rn 1 !le the number of nrb 1 t rn ry 
constants to three. 
The nnnlys!B of the Cu-Fe 5 ayotem shown in Figure l demon-
' atrates thnt. all three repre!1e11tntions could hnndle a :;yste111 exhibi-
ting large positive deviations. 'rhe values of the standard errors 
for these expressions from Table XXV show that the Williams Z-seriea 
was slightly more accurate with three parameters than either the 
Wilson equation or the 4-1 equation. 
With two constants, the Z-series exhibits the highest stan-
dard error of the three, which is unusual. If one compares the 
standard errors of the two tenn 2-series with the best standard error 
values for the other equations, it is seen that the two term Z-series 
is more accurate than either the Wilson equation or the 4 - 1 equation 
for the !:!8,-Bi, Ni-Fe, Ni-Fe, and Fe-Ni systems. 
- - --
In addition, it is 
· also more accurate than the Wilson equation for the Si-M system and· 
more accurate than the 4 - 1 equation for the Cd-Sn system. 
6 The analysis of the ~-Bi shown in Figure 2 demonstrates the 
difficulty of all three expressions in representing a system with an 
extremely large negative deviation. The Wilson equation cannot 
handle the activity data of this system at all, and the Z-series and 
4 - 1 equation give only a fair representation of these data. The 
i: . ' 
~ ·. . . . ;'- ,,' ' 
' ... , 
-· 
• 13 • 
thr•• term Z•tor to, t f on 1 y I It ght l y aoro .11ccur A to th.nn t tMt 4 - l oqtJO• 
tlon. ond ln thl1 cnao ttM tvo tani, l-1ttric1 lmprovcn upon tha nccuracy 
of thr- rt-prcncnt1tt tr>n tt<'lftM!'Vhztt 11 111.though not npprcc1ably. The prect--
three term Z-eerics nre lover than for thu t-wo t.crm Z-ser ies. 
The nctivity dntn of Speiser ct nl. for the Ni-Fe system, 
_......___ -~ 
which are presented in ·r.-1hlt! I\r fnr both t'hP Fe nnd Ni componentst can 
be exnmined in three dlffcrcnt ways. Since the activities of both 
Fe and Ni, which exhibit alight negative deviations frcxn ideality, 
have been exp er imen tally determined at the same mole fractions, it 
is possible to calculate values of the excess molar Gibbs free energy. 
Thus, in addition to the analysis of the Fe and Ni activity data 
individually, the system was also investigated by comparing values 
of the best standard errors of the expressions in terms of the excess 
molar Gibbs free energy. The results are shown in Table XXV (note 
that the underlined component was analyzed) and have been plotted in 
Figures 3 - 5. 
From these results it is seen that the Z-series with either 
two or three terms is the most accurate. The best standard errors 
for the three-term Z-series from Table XXV are approximately a third 
of the values for either the Wilson or 4 - 1 eq~ations. It should be 
noted in comparing the standard error values for the Wilson expres-
sions that the Wilson equation has a slightly better fit than the 
4 - 1 equation in the cases of the· Fe activity data analysis alone 
. ·. "' . 
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and In ca.bln•t lon vtth tho NI act tvity dota. In tho othor co•••• 
vlth the except iori of the, Cd-Sn 1y1 tcnm. th• '• • 1 cqu.a t ton prc1ont1 
a be t t c r f 1 t t h 11 n t h n \.I t l n <)lt e q un t t <m , 11 ti a h own l n T n b 1 e XX V • I t 
e q u n t i 011 ft i 9 c x t. r ern e 1 y 1 n rt c n !l i t i v c t o d r n r1 t. 1 c ch n n Y, c n i n t he ),. v n 1 u ca , 
thus, necessitating the larger number of significant figures 1n the 
results of Tnhle XXV. 
8 The Ag dntn taken from Tnble V on ttte Si-~ system demon-
s tr a t e p oa i t iv e and neg a t iv e de v in t i on fr orn id en 1 i t y • The res u l ts 
of this analysis are shown again in Table XXV and have been plotted 
in Figure 6. In order to calculate the magnitude of the mean value 
for the SERl-1, it was necessary to shift the zero ax is of the excess 
partial molar Gibbs free energy for this system to the most negative 
value of the experimental data because of the positive and negative 
• 
behavior displayed by the system. Once the zero was shifted, the 
magnitude of the mean value was determined by subtracting this axis 
shift value frcm the actual mean value. The figure shows that the 
Wilson equation cannot cross the Raoult's law line of zero excess 
partial molar Gibbs free energy, and, therefore, cannot describe a 
system exhibiting this type of deviation. From the results in Table 
XXV it appears that the 4 - 1 equation is slightly more accurate than 
the Z-series; however, in examining Figure 6, it looks as though the 
4 - 1 equation cannot crc;,ss the zero value of excess partial molar 
Gibbs free energy as well as the Z-series can. The z-series appears 
to be a better fit once this zero value ha, been crossed. In looking 
... ,. . ~· I • ·,;,: ,r,• •' ' ' , - •• , : •. 
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apln at Table XXV tho tvo tent Z·••ri•• ha• • higher 1tand1rd ,r,ror 
the the 
;· 1 tin l 1 y , t h c c d - S n a c t. i v i t y d :t t H an a 1 )' :; i r; , the rt! au l t s of 
vhtch appear in Table XXV and arc plotted ir1 Figure 7, r;howri th.nt 
a 11 three cqun t ions cnn accura tc 1 y des er ibc n ey11 tem vh ich exh ibi ta 
a slf~1,ht positive dcvlation frorn fdealfty. The valuc9 for SERJri in 
Table XXV show a high degree of nccuracy displnyed by al I three 
e.xpressions. Only the SERM values of the Cu-Fe system for all three 
equations and the Z-series SERM values of the Fe-Ni system are lC>\ler 
--
than those for the Cd-Sn system. Although the Z-series is the least 
accurate, the differences among the three are small as seen in Figure 
7. Again, the two term Z-series is slightly more accurate than the 
three term Z-series, however the difference is very slight. 
A review of the results of the comparison study reveals that 
on the whole the three term Williams Z-series is superior to either 
the Wilson equation or the Wilson 4 - 1 equation in regard to the 
excess partial molar freJ energy. 
In terms of accuracy, the three term Williams Z-series pro-
vided a superior representation for most of the binary systems with 
the exception of Si-~ and Cd-Sn where the Wilson 4 - 1 equation had 
a slightly better minimum standard error. However, specifically in 
the case of the Si-~, the 4 - 1 equation fails to follow the negative 
portion of the Ag curve as well as the three term z-series. The. 
\ 
_•, 't 
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Vll1on c,.qtUttlon t1 con1t1tontly the po,oroat of tli,o throe c,qt1att<,n1 
11 t t h t ha a X CO pt t Ott of t h O Cd • Sn And t ho t~ 1 • f C (ho f h Y tr d ti t n a 1 cm 0 
- -
and c O'nhtnrd t,·e-P1{ dntn) blnnry ttya tt,ntn. wh~rc tt I l tght lt improve, 
l t c (' t 1 ] < f r, n t f 1 .1 t , c l 1 f" n n v n r e ::1 -.· h P r t'" rl1·1 c c ~ -
' 
p on" n t c x h 1 b i t n b r> t_ h r on 1 t t \le .a n d t 1 ,, v. :1 t i v e d c v i n t i on ~ ! r c,m 1 d c n l i t y 
and 11 very vcnk for lnrgc negative deviations. 
As for compnctneaa, both tl1c Wi laon and the Wilson 4 - l equa-
tions URC <111ly t\.t'U pnr:n7H·tc1 rs ns C(lfnpnred with the three recornmended 
for the W i 11 in rn..q Z - s er i cs . I t a h ou l cl be noted th a t in tv o of th c 
cases both the large negative deviations of the t!&-Bi system and the 
small positive deviations of the Cd-Sn, a two term 2-aeries would 
have d on c a be t t er J ob than the t hr e e term Z - a er i es • A 1 so , the 
parameters in this series remained relatively constant as more terms 
were added or subtracted, enabling a ready comparison of the various 
• 
series available for any system. The Z-series could also be readily 
expanded should a higher nwnber of terms be desirable for any given 
system. 
Finally, the adaptability of the Williams Z-series for use 
· on the computer is very much better than either the Wilson or the 
4 - 1 equation. The average amount of computer time required for the 
solution of the Williams Z-series is approximately a third of that 
required for the Wilson equation and a tenth of that required for the 
4 - 1 equation. The Williams z-series was so~ved by a polynomial 
multiple linear.regression analysis (BMD02R), while the others were 
·~ 
solved essentially by trial and error as described previously • 
• 
_,. ' 
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8ecau10 of tho•• conetderatton.e It h.11 boon concluded that 
th• thrar rcnn Z-acr ten t, ttli! auportor of t:l-.o three proponed at1nlytl• 
cal rr·pr•·rirntttt1rn111. Tht! \Jtllt1u1111 Z-acr!ca t.n the mottt nccurate. the 
aetera be used, in nornc cnscs tvo would nufffce. 
Z-Sertes Analysis of Fe-Base Binary: Systems 
Frolfl1 the n.forcrncnt Lnned cc)nc lus i.ons, the decie ion to continue 
the invest ign t ion on the Wi 11 iams Z-s er ies was renc hed. Portner 1 y, 
26 Fischer had shOWTI the Z-series could hand le ternary solution 
behavior reasonably well, so it was decided to investigate the ability 
of the Z-series coefficients to predict the behavior of a canponent 
from a family of binary sys terns with a common c001ponent. To do this, 
the coefficients had to be generated, and then a correlation found 
between the values of the coefficients and the physical properties of 
the respective systems. 
Twenty additional sets of activity data on Fe-base binary 
systems for temperatures at, or near, 1600°C were analyzed on the basis 
'of a two or three term Z-series in a manner identical to that presented 
previously. The results of these investigations are shown in Table 
XXVII, while the activity data are presented in Tables VII through 
XXIV. 10 12 In the cases of Si-Fe and Ni-Fe , the investigators presented 
-- --
data for both components although not at .the same mole fractions so 
that the coefficients for each separate component could be generated 
as shown in Table XXVII. Again the underlined component was examined. 
: ~ ' . I 
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Pr• tho at•ndard orror and SFJlH vol•••• coatpt lad tn T'ablo 
a 1 1 ny n :t !' P n l 1 -,,· i r h i. n t h r r :t n v , · ( ) f 
-
- l " 
v a 1 u er; f nun d {1 n T n h 1 r XX V ~ .. · 1 th 
t h c c x c c p r. 1 on o f t he J·1 n - Fe ti y s t cm • I t 11 h o u 1 d n I H C) h e n n t e d t ha t t tMt 
SERH values of th-c non-metallic Fe-base binaries sho·uld not be 
comp n r c d w i th ea c h o t her or w 1 th t t1 e v n 1 u ca of the o t Iler sys t e.m.s , 
been use thev arc hnsed on a narrow rnnle fraction range 1 i.mited by 
solubility. Some of the results on these sets of data were selected 
for various reasons to be shown in 
Figure 8 ahO'.ils the plot of 
Figures 8 - 11. 
24 the C-Fe system which 
-
is the 
most accurate representation of this aeries of non-metallic Fe-base 
binaries. This sys tern demonstrates the ability of the Wi 11 ian1s z-
series to handle non-metallic alloying elements with usually limited 
solubility in Fe. Figure 8 shows the graph of the two tenn Z-aeries 
in this case because the coefficients are much smaller than for the 
three term Z-series. Unfortunately, the values of the coefficients 
of a three term Z-series for Fe in the C-Fe system as well as for 
-
·most of the other non-metallic alloy systems increase almost three 
2 orders of magnitude, contradicting the concept established by Williams 
that the coefficients were relatively insensitive to the number of 
terms. 
The!!,-~ system shown in Figure 9 exhibits the ability of 
the three term Z-series to represent ion current ratio data. In this 
case the experimental values of the ion current ratio were inserted 
on the left side of Equation 10 and were plotted against the Z-series 
.,, . 
I 
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exco11 partial mol4r Gtbb1 frra energy rnt1on n, Renarnt~d by the 
r lght a ldc, of' ,:qunt. ton 10. M 'l ti c 1 r. c t. 1 n R n u c c: •~ !1 r-1 1 v e v t1 I u r• ti o f t h c . 
conatnnt C'. the mtntmum atnndnrd error nnd the corrceporuJ1ng c<>offt• 
c t c n f ~1 n f t he Z - 9 er i c R c ou I d be found h y B ~fl) 02 R • The number ff wh 1 ch ... 
n pp e :1 r 1 n p n r e n t h e s i ~:; n e x r t o t he s t a n r LI r d t • r r or c o l u n, n f rlr s o u r c es 
17, 18, ond 19 arc the constnnts which result froirn the investi.~~ntion 
aa explained previously. The procedure used for determining the SERM 
values wns idcnticnl to thnt used for the Si-~ system again because 
of the positive and negative nature of the ordinate. This system, 
88 shor..m. in Tab le XXV II by the SEilif value ca 1 cu lat ions, is the most 
accurate representation of the ion current ratio data investigated. 
The Si-Fe activity data are plotted in Figure 10 because they 
also represent one of the poorest fits by the Williams Z-series. In 
both this and the Fe-Al case, the deviations from ideality are nega-
--
tive as shown in the respective figures, which demonstrates that along 
with the Mg-Bi system, the Z-series is least accurate with negative 
deviations. However, the calculated Z-series points in both Figures 
9 and 10 are fair representations of the data • 
The Mn-Fe activity data are plotted in Figure 11 because this 
·system shows the highest standard error and the highest SERM value 
of any of the systems in Table XXVII. A glance at this figure shows 
that the problem here lies with the scatter of the data rather than 
the Z-series. 
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Tho purpoao of c1lculatttlK tt,o coc{ftct.-,nt• A. 11, nnd c: gtvon 
In Tab lo XX V I 1 vn fl f o d c, l c rm t n «! t f n tl v c t) r r c 1 :1 t tc)n c nu 1 d b ~ f c~u n d ,, 
betveen the1c, conf!tctcntn nnd the phy1tcnl propcrtiaa of the ay1t•• 
mathcrnatical C()tnbinntinnn of these were al!in performed, ,1uch tt!I 
d l vid ing or multiplying one by one or more of the ott,ers, but st 111 
no correlot ion wns found. The atanic weight, atqnic radius, ionic 
rad 1 us , b o 111 n g po in t: , me 1 t i n H p o t n t , he a t o f f u s i on , d e n s i. t y ( on 1 y 
limited data were available), cohesive energy, ntc~ic number, vapor 
pressure, and heat capacity were examined in a vain attempt. It 
appears that no correlation exists or at least none was found by this 
investigator. 
The results of the analysis on the Fe-binary systems show 
that the Williams Z-aeries can handle a variety of Fe-base systems 
including binaries with non-metallic elements such as C and N as 
well as data taken fran ion current ratio experiments. The represen-
tation of the metallic Fe-base binary systems was done with the same 
relative accuracy and ease as had been found with the previous systems. 
However, the introduction of non-metallic alloys and ion current 
ratio data did present some new problems. 
The coefficients of a non-metallic, Fe-binary, two term z-
series becane quite large and cwnbersome although still accurate. 
When a third term was added, the coefficients for all the non-metallic ; · 
systems increased three additional orders of magnitude. 'Previously, 
•"."..; 
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t ion. Tht1 con1 l1 tency hat been ono of ttlo t1a Jor adv11ntngo1 of tho 
W t 11 in m.s Z - 1 c r t c n V'h 1 ch un for tuna t e 1 y doe I not • pp 1 y to non -.e ta 11 l c 
a 1 l o y i n 1'i: c l , ~ :H · n t t1 • , 
The other problem, preaented by the ion current ratio data, 
vaa the relative losa in computer efficiency. Becau.ae of the conetantJ 
c• in Equation 10, which muat be found to insure tl1ennodynnmic consis-
tency of these data, n t:rlnl and Prror f;olt1tion i!1 required since the 
constant must be varied prior to the tnultiple 1 incur regression analy-
sis (BMD02R). The minimum value of each regression analysis was 
i,mproved upon by varying this constant, tl1us, enhancing the thermo-
dynamic consistency. The constant was varied until the minimum 
standard error value fr001 BMD02R was reached. The corresponding 
increase in computer time to find the set of coefficients with a 
minimum standard error for each system was SO-fold over that required 
by other types of data. The difficulty was the form of the ion 
current ratio data which required the solution for the constant C'. 
Finally, the Williams Z-series coefficients failed to corre-
late with any of the examined physical properties. At this time, it 
is difficult to say that no correlation will every be found. Perhaps, 
further work will yield a correlation; however, as mentioned, none 
was discovered by this investigator using the physical properties 
previously listed. The lack of correlation indicates that the z-series 
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coef f tc lont1 cannot pre·dlct the bcthlvtM of • t .. t ly •••r frOIII • 
know lodge ot othor ._boro. Thi• ability. tt hlld boon hopod, vould 
have re1ultod from the tnve1tliptton • 
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COtfCWSICM 
A•• re1ult of thl1 tnve1tlptlon thl follovtna concluatou 
wre reached. 
. . . ~ 
1. The Wtlltam.1 z-1erle1 t1 eupertor to etth·er the Wtlaon 
Equation or the t, - 1 equation on the basis of accuracy 
and computer efficiency. 
2. The Williams Z-series can handle th·e representation of a 
variety of Fe-base binary systems including systems with 
binary non-metallic alloying elements and systems which 
are represented by ion current ratio data. 
3. The Williams Z-series coefficients do not appear to be 
able to predict the behavior of a family member in a 
series of binary systems with a connnon element from a 
knowledge of other members of the series. No correla-
tion was found between the three term Z-series coeffi-
cients and their respective physical properties • 
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TAILI I 
-Co1CfJf ••ss• of z-s,r••• and z-s,r&u 
I 
4 
4 
4 
0 
0 
0 
-8 
-20 
-36 
Z-Scric!-1 
-10 
•18 
0 
. 0 
0 
-1 z •Series 
4 
10 
18 
0 
0 
0 
-2 Z -Series 
4 
10 
18 
. ', ~· . . '"' . 
0 
40 
280 
. " . "' 
' .' ·, .·'., .. ' ' ... ··:···;·,' 
0 
10 
70 
0 
-30 
-210 
0 
-so 
-630 
,. 
• 
0 
-4 
-84 
0 
16 
336 
0 
16 
S04 
. ,·. . ,. 
0 
0 
28 
0 
0 
-140 
0 
0 
-140 
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TAILB II 
Fe• Cu Szat ... 
Re fercnca: 
Tempernture: 
Experimental Technique: 
,.. 
·'.!' ! 
. . . ~ ~-
'· 
- . 
X Cu 
0.883 
o. 792 
0.626 
0.467 
0.328 
0.217 
0.171 
0.142 
0.088 
0.061 
0.0442 
0.0265 
. •' ,, 
I. ' 
.. 
Morrin and Zellar1 5 
l550°C 
Carrier Cea 
•• 
·'· 
.\ ., 
0.923 
0.888 
0.870 
0.821 
0.786 
0.729 
0.687 
0.660 
0.521 
0.424 
0.325 
0.216 
. . 
. . ' 
. ,. 
I • 
,···· ~: 
. •. ,_. . 
• -' I • ' 
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TAIL! 111 
Reference: 
Temperature: 
6 Egan 
Expert.mental Technique: EHF He.aaurement 
J. 
. ' ,. 
0.10 
0.10 
0.10 
0.15 
0.23 
0.29 
0.41 
0.47 
0.50 
0.55 
0.565 
0.58 
0.58 
0.75 
0.85 
' . 
' . 
. '• 
• 
,, 
f 
. 
. 
' • I • 
aM 8 
0.000644 
0.000559 
0.000532 
0.000966 
0.00142 
0.00198 
0.00319 
0.00526 
0.00526 
0.0108 
0.0173 
0.0338 
0.0248 
0.513 
0.733 
. . 
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TAIL! IV 
.f• • Nl SJIC:N 
Refer~nce: 
Temper~ .'t t tir c: 
7 Spe tier !! al. 
Experimental Technique: Knudeen Effu•lon 
0.1 
0.2 
0.3 
0.4 
o.s 
0.6 
0.7 
0.8 
0.9 
,. 
I 
I:,'. ..r.: 
. ' 
•' 
i, 
. ;
... 
.. ,: 
.f 
0.07 
0.14 
0.21 
0.28 
0.37 
0.46 
0.59 
0.76 
0.89 
• X Fe 
0.9 
0.8 
0.7 
0.6 
o.s 
0.4 
0.3 
0.2 
0.1 
.~·;. 
.• ,j 
•. 
, :I . , .. . 
. .- , L • 
' ' 
0.90 
0.79 
0.69 
0.59 
0.48 
0.36 
0.23 
0.11 
0.04 
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TAIL£ V 
A&• Si Sy1t• 
Reference: Robinaon and Tarb,8 
Temper :it urc: l 500~'C 
lbcperlmantal Technique: Vapor Tran•portatlon 
; : 
' 
IA g 
0.9762 
o. 9454 
0.889 
0.708 
0.642 
0.470 
0.367 
0.264 
0.157 
0.012 
' '1 --. 
\ ,), ' 
' . 
,,'. •., .. ,· "•. ,· '.'-
.. •:,;,.' 
.. '' ," : __ ',·:. 
.a: 
' 
' - ;\·.· 
. (" 
0.9865 
0.9326 
0.835 
0.663 
0.590 
0.484 
0.410 
0.343 
0.251 
0.113 
,· ;· 
·, 
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TABLE YI 
Cd• Sn _Syet•• 
Reference: 
Ter.npcr:it11rc: 
9 Elliott and Chlpot1n 
Bxper laenta l Technique: EMF Keaaurement 
• 
J 
.,.,. -~ ' 
., 
• • I • 
.·•.• 
. . . 
\. 
XCd 
o. 9487 
0.8585 
0.8002 
0.6916 
0.5970 
0.5181 
0.5024 
0.4140 
0.2531 
0.1040 
.. i 
-· 
' r • • 
I ' ' •. r '.,\ I 
0.9513 
0.8720 
0.8208 
0.7377 
0.6651 
0.5923 
0.5866 
0.5039 
0.3527 
0.1643 
I ., 
;. 
,. 
I'" ,' I • ,: ~ .. c. • 
J ; .... • 
' ' 
.... .!: .. I \' ..;.... 
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TAil.!! VI I 
F• • Sl Syat .. 
Reference: 
Tempernrurc: 
10 Hau, Polyakov and Samarin 
1600°c 
-
Exper l.men ta l Technique: Vapor Pre11ure 
0.338 
0.460 
0.565 
0.654 
0.730 
0.774 
0.812 .. 
0.853 
0.856 
0.882 
0.941 
0.980 
0.988 
0.057 
0.126 
0.326 
0.522 
0.652 
o. 717 
0.753 
0.814 
0.818 
0.857 
0.934 
0.985 
0.990 
.. 
0.990 
0.975 
0.946 
0.919 
0.896 
0.861 
0.825 
o. 794 
0.662 
0.540 -
0.435 
0.346 
0.210 
• 
0.990 
0.967 
0.905 
0.873 
0.818 
0.738 
0.652 
0.583 
0.309 
0.103 
0.0407 
0.0314 
0.0239 
. ,,· 
• ·.'•I 
.. 
. '· 7 . . 
._. 
. . ·._ -
' 
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TAIL£ VIII 
Fe•St Syat• 
Ref erenct!: 
Tcmpcrnturc: 
Experlmenta 1 Technique: 
XSi 
.. 
0.002 
0. 002 5 
0.006 
0.008 
0.010 
0. 025 
0.031 
0.036 
0.038 
0.047 
0.082 
0.149 
0.181 
0.183 
0.223 
0.287 
0.365 
0.462 
0.538 
0.682 
0.757 
.. 
., 
' l 
1 l Fruchnn 
1600°(: 
EKF·Heaaurement 
11s 1 
0.000010 
0.000012 
0.000032 
0.000037 
0,000055 
0.000158 
0.000196 
0.000217 
0.000251 
0.000357 
0.000765 
0.00274 
0.00322 
o. 00357 
0.00773 
0.0144 
0.0304 
0.101 
0.246 
0.594 
0.659 
-
~.. ~ . '. 
. \.' 
' 
• 
_; 
l ' 
·;. ·'. 
I 
- - .. - - -- - --- --
.,· 
• ,2 • 
TABLE DC 
P• • Ht Syet• 
Reference: 
Tempern t tlrc: 
Ex·per i.menta l Technique: 
XNi 
0.1006 
0. 12 03 
0.1593 
0.1980 
0.2400 
0.3482 
0.4082 
0.4873 
0.5677 
0.6382 
0.7426 
0.8435 
. 
0.065 
0.083 
0.110 
0.132 
0.158 
0.234 
0.302 
0.363 
0.447 
0.550 
0.673 
0.813 
0.8940 0.912 
.. 
, 
Zellnrn et ai. 12 
--
l600°C 
Carrier C.1 
0.1056 
0.1997 
0.2573 
0.3126 
0.3618 
0.4323 
0.5124 
0.5918 
0.6534 
o. 7590 
0.8797 
0.8994 
.~·. 
0.055 
0.129 
0.190 
0.229 
0.276 
0.398 
0.479 
0.589 
0.631 
0.776 
0.871 
0.955 
-· 
• 
'1· 
'· 
- , ,. 
TABLE X 
.Pe • Pt Sys tet1 
Reference: 
Temperature: 
Experimental Technique: 
0.299 
0.300 
0.288 
0.298 
0.299 
0.301 
0.303 
0.179 
0.178 
0.179 
0.112 
0.106 
0.086 
0.019 
0.016 
0.013 
... 
·'-_. ' :··-.----. 
Larson and Chlpman 13 
155()°C 
Slag equilibrium 
0.0135 
0.0135 
0.0105 
0.0148 
0.0148 
0.0174 
o. 0162 
0.00126 
0.00112 
0.00100 
0.000257 
0.000288 
0.000178 
o .• 000014a 
0.0000141 
0.0000107 
:: . -· ',. ;._ ,,, .-.. 
• 
. ,,. . 
TAIL£ XI 
Fe - Cr Sy1t• 
Reference: 
Temperature: 
14 Ree1e, Rapp and St. Pierre 
1600°C 
Experlmental Technique: Knudsen Bf fu• ion 
,: 
0.00997 
0.0274 
0.0563 
0.1073 
0.1380 
0.1885 
0.2784 
0.3773 
0.4760 
0.6580 
• 
0.016 
0.048 
0.081 
0.157 
0.150 
0.194 
0.329 
0.432 
0.592 
0.723 
* referenced to the liquid standard state 
. ·, 
! ,i. . ' . 
r • '( • 
:, ,. ' . 
' 
-
,• 
; 
··t· 
---------, ...... -,- ______________ ............................. ~---..;.........----.;,.__-------...;.;._...;..;~~ 
. 
.. 
,. ..i 
. ,, . 
f• • Cr Sy1t• 
Reference: 
Bxperlmental Technique: 
.. • 
0.522 
0.482 
0.405 
0.380 
0.351 
0.324 
0.212 
0.187 
0.167 
0.144 
0.115 
.. 
. . ... 
~ , ,.; , 1 ' ' , ·f. ' ' , _I~ 
• _' - ,. ~ Ir ' ' ' 
• • 'i,- '~· • ·:: •.•• • • : --:-, . ' 
, .. 
'· 
• 
15 Fruehan 
l6(J0°C 
fliF Heaaureeent 
· .. ~ 
0.452 
0.436 
0.375 
0.322 
0.305 
0.248 
0.167 
0.158 
0.135 
0.098 
0.092 
l '-. •. 
·,,, .. ,'.s,.'..,J 1' •• '" •• , :.,. • 
\· 
: .... 
( 
•· , ... 
. ,, 
/ 
~- I • ' 
. "i' 
., 
' ' 
" i 
I 
.. 
. • 
,.: .. 
. ., 
·.·, . '. : ·• -, ' ' 
' I ,,-
• . . 
,.. . .. 
,-:., ' 
' .--.. 
-
. r .. ,
• • 
. \ 
·36· 
TAIL! X 111 
~·•Mn Sy1t• 
Reference: 
Temperature: 
Exper 1.menta l Tcct1n i.que: 
\tn 
0. 00/. 
011012 
0.013 
0.048 
0.070 
o. 079 
0.091 
0.104 
0.134 
0.146 
0.194 
0.196 
0.198 
0.280 
0.355 
0.368 
0.480 
0.524 
0.550 
0.680 
0.717 
0.800 .', 
t?:·· 
. I 
16 Sanhnngt and Ohtanl 
l600MC 
£HF f·teasurement 
8 Mn 
0.006 
0.022 
0.017 
0.051 
0.106 
0.067 
0.074 
o. 140 
0.148 
0.129 
0.285 
0.215 
0.286 
0.330 
0.418 
0.358 
0.605 
0.452 
0.669 
0.660 
00752 
0.832 
" 
" 
j 
/ 
I~ • 
. .. . 
,'. 
"' . . ,t 
--- -- -
• )7 • 
TABLE XIV 
Pe• Co S71t• 
Reference: Bel ton and Fruehan 17 
Tempernture: 1600°C 
lxper lme·nta 1 Technique: Knudaen Ce 11 - Hae1 Spec t·rometer 
-~ . 
X Co 
o. 058 
0.095 
0.119 
0.197 
0.299 
0.335 
0.376 
0.513 
0.602 
o. 724 
0.910 
0.943 
i ' 
' ' 
- .· . - ··.,:: ... ,:· .. 
-3.91 
-3.21 
-3.12 
-2.41 
-1.84 
-1.60 
-1.34 
-1.07 
-0.67 
-0.27 
0.94 
1.17 
',.' . 
··,. 
·,· ·I' 
··1·-
' ' 
-
.. 
.. 
• )I • 
TAil.£ XV 
u f• .. tfl Sy·1t• 
lefercnce: 
Tcttttpcr d r 11re: 
BxperlMntal Technique: 
,. 
i·· 
0.091 
0.195 
0.244 
0.318 
0.375 
0.450 
0.600 
0.750 
0.900 
. : / 
. ·"" 
. ..·, . ;. ·.· ..... 
·,. 
·~ 
' ' 
Belton and Fruehan 17 
1600"C 
Knudsen Cell - Ha11 Spectra:e,eter 
-o .. st. 
0.71 
1.02 
1.66 
1.98 
2.47 
3.21 
3.91 
5.03 
·,:,· 
••• 
.• :> 
.. .'·. " ·.--/ 
•. 
,, ' 
:•· . 
' :"' . : 
I '•r' /!, 
.~ .}. 
• 
.' 1: 
...,.: 
···,1,.· 
- )9. 
TAILS XVI 
Reference: 
Temperature: 
Bxparl.mental Technique: 
,-
·-,_, . 
• -·,' .f -
• 
0.061 
0.116 
0.215 
0.306 
0.418 
0.483 
0.598 
0.694 
o. 784 
0.902 
: . ~" .~-... 
' . .. 
< 
.. 
'• .t 
; 
·. } . 
Belton and Frueh4n18 
1600°C 
Knudsen Cell - Ha•• Spectro.:ueter 
.. 
,;" i· 
' = ~ ' • 
. '. "~ ' ' 
-2.35 
-0.81 
0.87 
2.01 
3.21 
3.73 
4.81 
5.62 
6.64 
1 .as 
. . "f l 
'· 
.. . . .; . ~ . ' 
··, . 
. 
• 
' ,._ 
• J ' • ·~ 
. ' 
. 
,. 
. ' 
~ ; ·:· ' . "'· 
". :· 
...--·' r 
. ... "' ' 
._-
'.·' 
_ .. ', 
. . ,. ' 
. '•'. ,·' 
. 1 • ' ·- - '' ' ' ·~· 
. "'" . . '.;' '; ,' ... -.:~-:'-.. '· . . 
. .i .• 
, ... -· --· ........ --~------ ... _ .. _____ . ____ ---- -~-·- ··--··----·-·"·----- -~·-··"· -
., 
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TAILI XVII 
Fe• Cr ~t•t• 
Reference: h l ton ond Fruehan 19 
l600°C 
b·pertmental Technique: Knudeen Cell 
.. 
··:~· ) . 
.. 
v, ;·. . ,.,. 
0.094 
0.145 
0.230 
0.286 
0.360 
0.400 
0.490 
0.525 
0.598 
0.677 
0.820 
0.922 
0.965 
. ' 
. . . 
·• 
~ . ·. 
. _ • .--· • :· r . 
~-- '. J • 
. ~ ' 
• 
l 
.· I 
-0.71 
-0.16 
0.45 
0.62 
0.98 
1.12 
1.48 
1.64 
1.87 
1.89 
2.24 
3.10 
4.06 
1: • •. 
• • 
. '' 
•, .... 
-
• 
I 
i 
I 
.. 
• 41 • 
TAIL! XVIII 
Reference: 
bperimcntnl Tcchn!.quc: 
, 0. 00321 
0.00265 
0.00265 
0.00234 
0.00181 
0.00192 
0.00164 
0.00112 
0.00094 
0.00084 
0.00080 
0.00080 
0.00052 
0.00045 
0.00024 
0.00021 
0.00021 
. 20 Schwerdtf•a•r 
' . . 
0.00927 
0.00825 
0.00805 
0.00628 
0.00542 
0.00514 
0.00514 
0.00349 
0.00298 
0.00247 
0.00236 
0.00224 
0.00161 
0.00141 
0.00126 
0.00130 
0.00126 
. . .~ ...... . 
:· .: ' . ~- _:_ .... - .... ''' ' .. ~: ... 
' . 
.•. 
•·.<1 
'!_. 
• 62 • 
TABLE XIX 
Fo • C S11t• 
Reference: 
Temper n t tire: 
21 Rlch.nrdeon and Denni• 
1560° r: 
Ex-perimenta l Technique: CO- cc12 Gaa Equtllbrlum 
*·' 'l-. • ·~: -
0.0161 
0.0215 
0.0224 
0.0224 
0.0222 
0.0219 
0.0483 
0.0168 
0.0269 
0.0313 
0.0396 
0.0069 
0.0280 
0.0448 
0.0401 
0.0457 
. 1. 
' .. ; 
" .. ' •' ~~. .. ' .. - ' 
o.0114 
0.0168 
0.0167 
0.0167 
0.0165 
0.0171 
0.0463 
0.0115 
0.0230 
0.0288 
0.0372 
0.0056 
0.0230 
0.0288 
0.0370 
0.0451, . 
·1 ···-·· . 
. -~,, . 
,· 
• 
• 63 • 
TABLE XX 
Fe - N Sytttaa 
Reference: d - 22 Kaaaaw1tu an Hatoha 
Tempernture: 
Experimental Technique: N2 -A Gae Equilibrlua 
·' 
;: . ~ 
X N 
0.00113 
0.00087 
0.00063 
0.00043 
0.00139 
0.00163 
0.00174 
0.00202 
0.00228 
0.00251 
. . J . . 
\ •;,, . ' .... 
0.00130 
0.00098 
0.00069 
0.00045 
0.00162 
0.00197 
0.00219 
0.00258 
0.00296 
0.00330 
·> ..... 
' .. ·-. . 
' . 
i 
. . 
,., 
. .. , . 
.; 
·• 
... -
TAIL£ XX I 
ff• N S71t• 
Reference: 
Temp c r .1 t t 1 rt~ : 16?l ac· '*·• • A 
Experimenta 1 Technique: N2 - A ea, £qutl lbrim 
0.00116 
0.00089 
0.00063 
0.00044 
0.00142 
0.00168 
0.00178 
0.00208 
0.00232 
0.00257 
.) 
--'·''·i·'·r:. . 
"' ·• .. '. 
·,. 
0.00133 
0.00100 
0.00068 
o. 00046 
0.00165 
0.00201 
0.00222 
0.00264 
0.00303 
0.00340 
.• 
. ' 
:'\.• 
' 
, .. 
I • .J " • 
,.,. .. 
. ' .. •· 
.If·, 
~-
1' ,' 
> ,· 
-
. .. ' ~ 
-,., -
TABLE XX JI 
Reference: 
Tempcrnturc: 
Experimental Technique: 
0.0088 
0.0092 
0.0088 
0.0260 
0.0282 
0.0255 
0.0509 
0.0522 
0.0530 
o. 0564 
0.0543 
0.0573 
·I 
co - Cc>2 Gae Equ 11 f.br f.m 
• 
0. 0·0587 
0.00581 
0.00576 
0.01896 
0.01834 
0.01834 
0.05897 
0.05813 
0.05587 
0.05813 
0.05841 
0.06490 
,. 
I ·~ 
... 
, . I . 
' ' 
I 
., 
I • 
........... 
. ,., . 
TAIU XXIII 
f• - C Sy1t• 
Reference: 
Tefflpcrn ture: 
ltxperlmental Tect1nique: 
• 
0.806 
0.820 
0.843 
0.845 
0.873 
0.883 
0.917 
0.928 
0.950 
.. 
• 
24 Syu et n 1. 
--
1560"(: 
Vapor Pressure 
0.6409 
0. 6740 
0.7121 
o. 7247 
o. 7959 
0.8291 
0.8791 
0.9053 
0.9378 
. I ' ' 
. •' 
I 
-
·, 
,. 
.';' .. 
. .. \ 
' ' ' 
·1 .' 
----------..------------------------· 
:.:'-' .. 
'· .# 
·.1'£ 
I ,I'\ 
•• ! •. 
.. 
. .: . ,. . . ·~. . 
' . . 
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TAIL! XX IV 
Fe• S Syat• 
Reference: 
Temperature: 
0.0154 
0.0144 
0.0154 
0.0454 
0.0433 
0.0887 
0.0922 
\: 
.... 
8.an-Yn nnd Ch tJ)ffWln 25 
1600°c 
1'2 - "2S Caa Equ 11 lbr lura 
.... ·-
•;: 
0.0146 
0.0146 
o. 0146 
0.0405 
0.0405 ~ 
0.0690 
0.0690 
" . 
.•· 
.• 
...... r: >:··.·., ,',~· .. 
" ..; 
rj • ' 
' i ,. '. 
' ·.. .·,' ·,' 
'' . 
·' 
" . ' '' ~ ' - . 
.. ··.:, ·: " 
.. 
:·. ',.-·· .. 
l 
I 
I J .. 
I 
l 
l 
I.·. f . --I .. 
l l . 
l 
i 
J . j 
; 
l 
I ) 
' i . 
' . ! 
1 
·4 . ' ' 
.... . 
~~ . 
.:, 
, i . 
I ) 
j - . 
"· 
1-· 
1. 
' . l . 1 ·
j 
.. 
Wilson 
Equation 
Wilson 
4- 1 
Equation 
z-series 
Standard 
Errors 
& SERM 
Values 
*Component 
. .. 
TABLE XXV 
.. Wilson E uation and 4 - 1 E uation Constants and Standard Errors 
System* Cu-Fe 
~-Bi Ni-Fe Ni-Fe Ni-Fe S 1-Ag Cd-Sn - - -
- -
-A.12 0.2230 85.40 3.357 3. 846 3 ' ... 8 l .. '. ,.' l 0 S" · . .:.... / .,...,· . . ', · .. ,: ·'~· 
• • ---- ,__..I. 
A21 0.1749 2. 71 0.298 0.257 0 ?87 0 1 ~ ') 0.65:) . .... ' • -"'-4-«. Standard Error 78.1900 1792 .40788 247.7517 243. 84 6 53.7146 269.1696 8 t nt1is 
•• ''trrf' ·~-SER.M 0.0187 0.2380 0.2691 0.2993 0.0659 0 )'"'l"' O.OJSJ ··,., f • / i 
Al2 3.222 0.5941 1.728 6.445 l.735 6 ~5')Q 0 5"1"' • i .,<" t ... s ·.:~ '~ ·:, -~.i . -:.,.,. '-:-· 
A21 3.171 0.1225 2.540 0.0794 2.476 0 n'""5"11:t, 0 81 t('!i • • 'h,.{:' ,_. • ..... .., ·t><:f • - . -· ..,,,:r 
• 
Standard Error 58.54 857.32 182.7160 278.690 60.1288 l 0) .~ 1 • 8 8.561) • · · • .:u. ~j 1 t ·. 
• 
SER.M 0.0140 0.1138 0.19B4 0.3422 0.07)8 0. l 51 l 0.037) 
1 TERM 215.20 3142.93 42 9. 2 8 534. &. 132.~0 316.58 12.31 SER.M 0.0514 0.4173 0.4662 0 r ... ~ 8 0. 162 S 0. 4 607 O.OSJ6 .b)I 2 TERM 153.58 777.93 100.09 130.05 23.60 216.55 8.45 SERM 0. 03 67 0.1033 0.1087 0.1597 0.0290 0 .. 3151 0.0),68 3 TERM 40.66 804 .42 65.58 91.70 20.46 119.33 8.68 SERM 0.0097 0.1068 0.0712 0.1126 0.0251 0. 17 3 7 0.0)'.;8 4 TERM 40.55 441.85 64. 71 70.92 22.10 120. 20 7 .. 6 
•I·. SERM 0.0097 0.0587 0.0703 0.0871 0.0271 0.1749 0.0))8 s TERM 41.37 392.50 59.15 45.88 20.98 65.80 5 1.5 
• • 
SERM 0.0099 0.0521 0.0642 0.0563 0.0258 0.0958 0.02)7 6 'IERM 43.89 384. 68 49.35 26. 7!+ 20. 72 71.56 5.17 SERM 0.0105 0.0511 0.0536 0.0328 0.0254 0. l<)L. l 0.022s number one is the first component listed. The underlined COfnponent vas ann l:;zed. 
.l 
~: 
·• ... . 
'/ 
-
Component* 
1 
Cu 
-
!jg 
Ni 
-
Ni 
Ni 
-
~ 
Cd 
-
Coarponent* 
? 
•~ 
Fe 
Bl 
Fe 
Fe 
-
Fe 
-
Si 
Sn 
. ''. 
TAIL£ X.XVI 
A 
w 
1892.09 
-4763.96 
• 
-678.89 
-732.61 
-690.22 
305.63 
225.53 
* The underlined component was analyzed. 
I. 
8 C 
19.Q) 171.86 
2703.52 ·120.55 
-450.24 -97.72 
-474.03 -121. 00 
-390.66 -64.79 
381.44 
-232. 54 
10.03 3.30 
. .•. 
.t 
:• 
,. 
'.'.: ... 
·-
... 
'IABLE XXVII 
Z-Series Constants for Fe-Binary Systems 
Source 
10 
10 
11 
12 
12 
13 
14 
15 
16 
17 
17 
18 
19 
·20 
21 
22 
22 
23 
24 
25 
Canponent* 
1 
Si 
-Si 
Si 
-Ni 
-Ni 
Pr 
Cr 
-Cr 
-Mn 
-Co 
-Ni 
-Al 
-Cr 
-0 
-C 
-N 
-N 
-C 
-C 
s 
-
Component* 
2 
Fe 
Fe 
-Fe 
Fe 
Fe 
-Fe 
-Fe 
Fe 
Fe 
Fe 
-Fe 
-Fe 
-Fe 
-Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
-Fe 
Temp. 
oc 
1600 
1600 
1600 
1600 
1600 
1550 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1560 
1566 
1624 
1560 
1560 
1600 
(-1.142)** 
(-2 .495)** 
(3 • 64 7 )** 
(1.302)** 
* The underlined component was analyzed. 
** Value of C' in Equation 10. 
Standard 
Error 
224 • 19 
249.47 
405 • 60 
106. 32 
157 .22 
369 • 79 
369 .74 
263 • 51 
7 80 • 74 
326. 33 
150. 72 
418. 84 
379 • 82 
712 .42 
416. 69 
51 .04 
42 • 83 
309 • 72 
40. 14 
128.81 
A 
o. lR' "· _j __ .j 
-2683 r-, ... • ,0 i o o-~-,, , ... ,..,,.. • •. -.. 
• ",,;.- ( __ ! ·-- ··--• - ""I i ·1 "'o\ .._ ". I ,., • .. :,., 
0.0288 -4 93 7 ·-~. ~ 'I . . <" t 
o. 10'"""" 
- 6 {;t'. ') ~ I - t) I 
• ... .. 0 ? l. '? 3 
..... -.... -572 • 52 
0.02 15 .44, 7 I"~ 
-...J 
cq 
,) \ • 
0. 3'"'"6 ~j t) ·. {.? ~ ... ~~ • 78 
o. 3670 
-355 '1 .. 1, • .... "" 1 .4 707 ') /. ,• 86 ... ,.., .... '-" • 
0. 1685 ., 5.., 
.... .... 
• 15 
o. 1(165 .. 5Q1, 
.4 ,.,.,, 
• 78 
o. 0..., '7? 
-272~ ":) ., .) .... .... -~--q • 
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Figure 1. Excess Partial Molar Gibbs Free Energy in Cu-Fe Binary 
Alloys at 1550°C · · 
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Figure 2. Excess Partial Molar Gibbs Free Energy in Mg-Bi Binary 
Alloys at 700°C 
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Figure 3. Excess Partial Molar Gibbs Free Energy in Ni-Fe Binary 
Alloys. at 1600°C 
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